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Abstract 
Occupational prolonged sitting associated with modern sedentary behaviours has 
been shown to be correlated with obesity and all-cause mortality. The negative 
impacts of prolonged sitting are not limited to physiological issues and may extend to 
cognitive function including attentional processes. Attention is an important cognitive 
domain that is involved in the majority of cognitive performance. The use of standing 
desks in the workplace offers a potential solution to prolonged sitting; however, the 
effects of standing workstations on the attention domain of cognitive function have 
not been thoroughly evaluated in the current literature.  
 
The aim of this paper was to identify the effects of working from a standing desk on 
attention during a simulated working day compared to a seated desk by using a 
counterbalanced cross-over study design. Thirty healthy volunteers (14 females and 
16 males) aged between 20 and 49 years old were randomised into two groups 
(sitting or standing on the first testing day) that were matched by strata of age and 
gender. Each participant performed two full days of testing, one in sitting condition 
and another in a standing condition with a seven-day washout period. Each testing 
day consisted of three testing sessions and included morning, midday and afternoon 
times. The effects of each Condition (sitting and standing) and Time of Day 
(morning, midday and afternoon) on attention were evaluated. The cognitive tasks 
that measured attention domain included Continuous Performance Task (A-X and 
Inhibition), Paced Auditory Serial Addition Test and Figural Intersection Task.  
 
The results of this study showed a significant increase in performance in the Figural 
Intersection Task, whereby performance whilst standing was better. A significant 
interaction between Condition and Time of Day in the Continuous Performance Task 
– Inhibition showed faster reaction times in the afternoon whilst standing. There were 
no main effects of Condition for any of the other attentional tasks. With regard to 
Time of the Day, the findings revealed that, overall, participants performed more 
efficiently at Midday and Afternoon in comparison to Morning.  
 
The findings of this study reject popular concerns of standing workstations affecting 
attention by showing that the use of standing desks, not only can help reduce 
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sedentary-ness, but can also improve attentional capacity. The physiological and 
attentional advantages associated with standing desks should be made aware to all 
corporate parties, companies and offices.  
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Chapter one: Literature review  
Introduction  
In recent years, sedentary behaviour, such as prolonged sitting, has become a 
central focus for research on health related issues. Sedentary behaviour has been 
defined as any waking behaviour characterised by energy expenditure below or 
equal to 1.5 metabolic equivalents (Cart, 2012; Owen, Healy, Matthews, & Dunstan, 
2010). One metabolic equivalent is the amount of oxygen consumed while sitting at 
rest and is equal to 3.5 milliliters oxygen per kilogram body weight per minute (Jette, 
Sidney, & Blumchen, 1990). Prolonged sitting is reflected in many aspects of a 
modern lifestyle and may include automobile transportation, increased screening 
time (television and internet) and work settings (Shiyovich, Shlyakhover, & Katz, 
2013). 
Impact of sedentary behaviour on health 
Sedentary behaviours have been shown to be associated with an increased risk of 
mortality and poor health outcomes such as cardiovascular diseases and cancer 
(Katzmarzyk, Church, Craig, & Bouchard, 2009; Stamatakis, Hamer, & Dunstan, 
2011). Whilst the adverse effects of sedentary behaviour on various health 
measures, independent of physical activity, are becoming more evident in the 
literature (Thorp, Owen, Neuhaus, & Dunstan, 2011), there appears to be an 
increasing interest amongst researchers to evaluate the role of prolonged sitting on 
specific health factors. Recently, the issue of low energy expenditure in relation to 
prolonged sitting habits has received considerable attention in the literature. For 
example, while  the correlation between sedentary lifestyle and obesity and type two 
diabetes was highlighted (Hamilton et al., 2007), it has also been suggested that an 
increased level of sedentary behaviour in men may be a predictor of cardiovascular 
problems (Warren et al., 2010). The literature further supports the association 
between sedentary lifestyle and cardiovascular mortality in different groups. 
Postmenopausal women with prolonged sitting behaviours have been shown to be at 
a greater risk of cardiovascular diseases (Chomistek et al., 2013). Although not 
specific to sitting, the correlation between unhealthy dietary intake and sedentary 
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behaviour has also been demonstrated (Pearson & Biddle, 2011). Furthermore, the 
link between sedentary behaviour and increased risk of metabolic syndrome has 
been documented (Edwardson et al., 2012). Recent assessment of objectively-
measured sedentary behaviour has also revealed that women who are frequently 
exposed to prolonged sitting may be at a greater risk for bone mineral density 
problems at femur and hip regions (Chastin, Mandrichenko, Helbostadt, & Skelton, 
2014). Recent evidence demonstrates the harmful effects of prolonged sitting on 
neural and musculoligamentous structures which may include cervicobrachial pain 
syndrome and repetitive strain injuries (Pynt, Mackey, & Higgs, 2008; Quintner, 
1989). The increased kyphosis of the lumbar spine (abnormal convex curving of the 
lower back) associated with prolonged sitting may contribute to degeneration of the 
intervertebral discs which could result in an increased load on related 
musculoligamentous structures (Pynt et al., 2008). Based on the findings of these 
aforementioned studies, it could be deduced that habitual prolonged sitting will likely 
lead to a decrease in energy expenditure, which in association with weight increase 
can result in the development of systemic conditions such as early cartilaginous 
degeneration, heart and bone density problems.  
Mental health is also affected by sedentary lifestyle. Although the precise association 
between prolonged sitting and mental health indicators remain uncertain, the 
negative correlation between sedentary behaviour and self-esteem in children is a 
primary concern (Suchert, Hanewinkel, & Isensee, 2015). This can be seen in the 
increase in numbers of reported teen depression and suicide rates in New Zealand 
adolescents. In 2012, the highest rate of suicide was in the youth group aged 
between 15-24 years (Ministry of Health, 2015). This could explain the increasing 
number of social media and government organisations dedicated to helping these 
populations. Inactive lifestyle is an important property of mental health related issues 
such as depression in adults (Teychenne, Ball, & Salmon, 2010). The emergence of 
hopelessness and depression in middle-aged men has been shown to correlate with 
a sedentary lifestyle (Valtonen et al., 2010) and, this, too is on the rise in New 
Zealand society. One in six New Zealanders will experience a major depressive 
disorder at some time in their life (Ministry of Health, 2010 ). It has also been 
suggested that depression increases the risk of suicide by 20 times (Ministry of 
Health, 2010 ). Given that mental health has been shown to be a primary risk factor 
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for ischemic heart disease (Jiang, 2008), this further highlights the importance of 
research being conducted in the field of sedentary physiology to help improve our 
medical care (Jiang, 2008). The term sedentary physiology is an emerging concept 
that has been suggested to be distinct from, but complimentary to, exercise 
physiology (Tremblay, Colley, Saunders, Healy, & Owen, 2010).  
Occupational prolonged sitting  
Work environment is quickly becoming a key instrument in modifying occupational 
sedentary behaviour. Owen et al. (2011) demonstrated that sedentary behaviour can 
be reflected in four domains including leisure time, household activities, 
transportation and occupation. These sedentary domains can each be considered as 
an area for intervention. Since it was reported that office workers may spend up to 
23 hours per day in a sedentary position (Owen et al., 2010), the need to address 
occupational prolonged sitting, as one of the main contributing factors to sedentary 
lifestyle, became more evident. Through a large project which incorporated five 
smaller studies conducted in Australia and the Unites States of America, Gardiner et 
al. (2010) indicated the magnitude of negative effects of occupational sitting. The 
authors examined the effects of sedentary behaviour across the life span and also 
provided appropriate associated interventions. In one of the studies that was 
incorporated in this project, the duration of sedentary and physical activity time was 
measured in full-time and part-time employees working in corporate, retail and call-
centre settings. Data were collected from 135 participants by using an accelerometer 
during a seven-day period. The variables included the percentage of time spent 
sedentary, in incidental light-intensity activity, and in ambulatory moderate to 
vigorous intensity activity. Interruptions to sedentary time (number of breaks per 
sedentary hour) were also measured. The results of this study showed that the place 
of work contributed highly to sedentary and physical activity time. Call-centre 
employees spent more time in light-intensity physical activity in comparison to 
corporate and retail staff. There was also a significant difference for the breaks per 
sedentary hour for the retail workers versus the corporate and call-centre workers 
(Thorp et al., 2010). These results concur with the findings of Owen et al. (2010) who 
suggested that 30 minutes of moderate-intensity daily exercises in co-existence with 
high level of sedentary behaviour would not necessarily reverse the negative effects 
of prolonged sitting. Owen et al. (2010) also proposed that implementation of regular 
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breaks from sedentary behaviour, such as standing up from a sitting position, may 
result in improvements in waist circumference and body mass index.  
A number of researchers have reported that prolonged sitting is highly correlated 
with obesity and cardiovascular problems, independent of meeting physical activity 
and health guidelines (Inoue et al., 2012; Owen et al., 2010). Inoue et al. (2012) 
assessed the joint association of television viewing time and moderate to vigorous 
physical activity with obesity in older adults. Their findings revealed that spending 
less time watching television was highly correlated with lower risk of obesity, 
independent of the level of physical activity. It appears that encouraging physical 
activity without addressing sedentary behaviours cannot offer significant 
improvements in health issues. In the last thirty years many prestigious companies 
and organisations have invested in manufacturing and offering different products and 
services, such as recreational facilities and franchise gyms to encourage physical 
activity. Cardiovascular problems and obesity still remain a significant pressure on 
public health systems, however, which highlights the need for further research into 
intervention programs for occupational prolonged sitting.  
Summary 
Sedentary behaviour is a major health concern and is highly correlated with an 
increase in mortality and poor health related outcomes. Considering the emerging  
concept of sedentary physiology (Tremblay et al., 2010), the associated medical and 
socioeconomic costs may have a significant impact on local governments and public 
health organisations in near future. The issue of occupational prolonged sitting, as a 
major component of a sedentary lifestyle, is a new field of research that requires 
critical physiological and psychological studies to achieve improvement in our health 
system; similar to the extent of research that was conducted in the field of exercise 
and physical activity in the last thirty years.  
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Intervention for occupational prolonged sitting   
Over the last two decades there has been a growing trend toward increasing 
physical activity and maintaining a healthy diet. The negative correlation between 
sedentary behaviour and physical activity supports the significant role of intervention 
plans to reduce sedentary habits (Mansoubi, Pearson, Biddle, & Clemes, 2014).  
Since it was reported that desk-based employees are likely to spend more time 
sitting during working days than leisure days (McCrady & Levine, 2009), 
occupational intervention has been attracting a lot of interest. Recent evidence 
supports the effectiveness of interventions aiming to directly reduce the level of 
sedentary behaviour rather than increasing physical activity outside the workplace 
(Prince, Saunders, Gresty, & Reid, 2014). Reduction in prolonged sitting could be 
achieved by replacing the conventional seated desks with standing workstations. 
Owen et al. (2010) pointed out the importance of educational programs in clinical 
settings to encourage patients to get out of their chairs more frequently when they 
are at work. This was based on the correlation between regular breaks during 
prolonged sitting and improvements in metabolic biomarkers. An earlier cross-
sectional study (Healy et al., 2008) that incorporated 168 participants, evaluated the 
association between breaks in sedentary time and metabolic risk. Sedentary time 
was measured by using accelerometers during waking hours for seven consecutive 
days. Whilst each interruption to sedentary time was considered as a break, waist 
circumference, serum triglycerides, weight and fasting plasma glucose were 
measured. The findings of this study showed that increased breaks in sedentary time 
were beneficially associated with waist circumference, body mass index and 
triglycerides.  
 
The first trial that assessed the efficacy of a workplace interventional plan evaluated 
the effects of sit-stand workstations on reducing the occupational sitting time. 
Alkhajah et al. (2012) measured time spent sitting, standing and stepping at the 
workplace as well as during all waking time. Fasting total cholesterol, high-density 
lipoprotein cholesterol, triglycerides, and glucose levels were also evaluated. The 
findings revealed that duration of sitting was reduced in the intervention group at 
one-week and three-months follow up. There was also a report of an increased level 
of high density lipo-proteins in the intervention group. This increase is highly 
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associated with a reduction in the risk of the development of cardiovascular disease 
and stroke (Mahdy Ali, Wonnerth, Huber, & Wojta, 2012). Subsequently, the use of 
sit-stand workstations was further recommended as a method to reduce the duration 
of sitting time, and to ultimately improve health outcomes, including metabolic 
syndrome and obesity (Chau et al., 2014; Dutta, Koepp, Stovitz, Levine, & Pereira, 
2014). The findings of interventional studies for occupational prolonged sitting 
support the role of reducing sitting time by using educational programs and active 
workstations.   
 
Active workstations  
In recent occupational intervention approaches, active workstations have become a 
central issue to improve health related outcomes. The use of portable pedal 
machines during working hours was recommended to increase the daily energy 
expenditure for office workers (Carr, Walaska, & Marcus, 2012). Subsequently, 
pedometers were recommended for the same population as a means to encourage 
physical activity (Freak-Poli, Cumpston, Peeters, & Clemes, 2013).  
 
The main goal of the earlier studies that have assessed the efficacy of active 
workstations is to increase the daily energy expenditure by reducing and/or replacing 
prolonged sitting with a mild to moderate level of physical activity (Tudor-Locke, 
Schuna, Frensham, & Proenca, 2014). The increased interest in the field of physical 
activity in the last thirty years has had a large effect on interventions for sedentary 
behavior. Important elements such as physical discomfort, satisfaction, productivity 
and performance have received a lot less attention in comparison to physical activity. 
In addition to this, the names of the same authors who have designed and 
conducted the research in the literature are frequently identified. This may be due to 
the new concept of sedentary physiology, however, it may also contribute to 
selection bias and/or resistance to acceptance of unexpected results; therefore, 
challenging the external validity of the findings. Consequently, attempts for improving 
the design of the subsequent studies have led to exposure of the large knowledge 
gaps with regard to active workstations. For instance, in a recent review article, 
Tudor-Locke et al. (2014) acknowledged the insufficient supportive evidence for 
efficacy of active workstations.  
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It is important to realise that the absence of evidence is not the same as evidence of 
absence. Therefore, considering the available evidence favouring the 
implementation of active desks (Torbeyns, Bailey, Bos, & Meeusen, 2014), active 
workstations may be an effective approach to reduce the negative effects of 
occupational sedentary behaviour. While walking desks, cycling stations and 
standing desks have been recently examined as alternatives to traditional chair and 
computer-based desks, the interrelationship between physiological, psychological 
and economical elements has exposed important aspects of occupational 
intervention. These include energy expenditure, work performance, feasibility and 
cognitive function. 
 
Energy expenditure  
Based on positive physiological effects of exercise, the focus of occupational 
intervention studies was directed toward incorporating physical activity into 
workstations. For instance, Elmer and Martin (2014) examined the efficacy of cycling 
workstations to increase the energy expenditure in office workers whilst performing a 
typing task (Elmer & Martin, 2014). Although findings revealed that cycling 
workstations may result in an increase in energy expenditure without interfering with 
typing, typical office work consists of a wide range of tasks in addition to typing, such 
as proof reading, phone conversations and communication with coworkers.  
 
Since the correlation between body mass index and daily steps on working days was 
demonstrated (Nawata, Ishida, Yamashita, & Uenishi, 2006), treadmill desks have 
become an object of research. A recent systemic review highlighted that treadmill 
workstations may offer both psychological and physiological health benefits 
(MacEwen, MacDonald, & Burr, 2015) which should provide one with enough 
justification for its use in the work environment. In an experimental study the energy 
expenditure in treadmill workstations in comparison to sitting and standing 
workstations was measured (Levine & Miller, 2007). The findings of this study 
supported the effective role of walk-and-work stations to increase occupational 
energy expenditure. The authors proposed that replacing sitting workstations with 
walking desks for two to three hours per working day may help obese employees to 
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lose 20-30 kilograms per year (Levine & Miller, 2007). Although the findings of this 
study highlighted the potential benefit of walking stations to address obesity, the 
reliability of the results is challenged by a number of weaknesses. Firstly, the 
findings of this study were limited to obese employees, which cannot be generalised 
for all office workers. Secondly, the small sample size (15 participants) incorporated 
only one male participant which cannot be extrapolated to both sexes. Recruitment 
of a more convenient study group increases the risk of false results which can 
ultimately threaten the validity of the findings. In addition, data collection of this study 
occurred in one day and included only 15 minute periods for each working position. 
The long-term effects of the findings are, therefore, questionable. Performing 15 
minutes of office work is far from simulating a true working environment for an 
employee who is likely to spend eight hours working per day. 
 
The measurement of differences in energy expenditure in adults in their early 20’s 
when sitting and standing at classroom desks showed an increase in energy 
expenditure, oxygen consumption and carbon dioxide production while standing 
(Reiff, Marlatt, & Dengel, 2012). Although not internationally applicable, it has been 
suggested that an average reduction in consumption of 41 kilogram calories per day 
in youth should be met to reduce the effects of rapid increased weight in young 
children (Wang, Orleans, & Gortmaker, 2012). In a recent study into assessment of 
health in children, the multiple factors that may contribute to obesity in children 
including genetics, parental modeling and surrounding environment were 
acknowledged (Benden, Zhao, Jeffrey, Wendel, & Blake, 2014). The authors of this 
study recommended that an increase in daily energy expenditure may be a useful 
method to address obesity. Benden et al. (2014) recruited 374 elementary students 
who participated in a week-long experimental project. The participants were 
randomly assigned to either sitting or standing groups. Findings revealed that 
recruitment of standing desks in elementary schools may be an effective method to 
increase energy expenditure. Students using a stand-based desk exhibited higher 
mean energy expenditure by 0.16 kilogram calories per minute in the fall semester 
and 0.08 kilogram calories per minute in the spring semester in comparison to the 
control group. Benden, Zhao, Jeffrey, Wendel, and Blake (2014) concluded that 
standing desks may serve to meet the requirements in relation to energy expenditure 
to decrease the negative effects of obesity in youth as previously highlighted by 
 
 
9 
 
Wang et al. (2012). These findings further supported the results of an earlier study 
whereby standing desks were shown to be useful tools to increase energy 
expenditure which may have implications in health policies (Benden, Blake, Wendel, 
& Huber, 2011).   
 
Work performance 
Once the effectiveness of active and standing workstations to increase energy 
expenditure was documented, researchers started evaluating the impacts of this type 
of occupational interventions on work performance. Whilst Commissaris et al. (2014) 
supported the efficacy of an active cycling workstation, their findings were limited to 
only short-term work performance. The design of their study incorporated 15 
participants who performed work related tasks in conventional sitting stations and in 
active workstations including cycling and walking desks. The authors exhibited their 
bias-free attitude in the results section by highlighting the challenge in acceptance of 
active workstations due to participants’ perception of decreased work performance. 
Commissaris et al. (2014) mentioned that activities that require finer motor control, 
such as mouse-related tasks, may be challenged by active workstations. These 
findings further supported the results of an earlier study which found active 
workstations inefficient when dealing with mouse-intensive work tasks (Straker, 
Levine, & Campbell, 2009).  
 
Straker et al. (2009) previously reported that when it comes to work performance 
there is no difference between sitting and standing workstations. In addition, a recent 
systemic review evaluated the effects of walking and standing workstations which 
concluded that both standing desks and treadmill workstations have little impact on 
work performance (MacEwen et al., 2015). Commissaris et al. (2014) also found that 
standing desks and active workstations do not alter either objective or perceived 
work performance; however, mouse-related tasks may be compromised with walking 
workstations. These findings are further supported in the literature by a recent review 
article that demonstrated fine motor skills are less likely to be affected by standing 
desks in comparison to active walking and cycling workstations (Tudor-Locke et al., 
2014). One major criticism of the studies supporting the role of walking desks on 
work performance is uncertainty regarding true understanding of sedentary 
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physiology. As an example, Ben-Ner, Hamann, Koepp, Manohar, and Levine (2014), 
considered increasing the physical activity as the “obvious fix” to solve the 
occupational prolonged sitting. This statement may be a reflection of false 
interpretation of sedentary physiology. It had previously been shown that the effects 
of sedentary behaviour are not necessarily reversed by an increase in physical 
activity (Tremblay et al., 2010). 
 
Work efficiency and performance are naturally two important elements that lead to 
selection and promotion of an employee. Therefore, it may be concluded that at the 
expense of impaired work performance associated with cycling and walking 
workstations, some employers and employees may show resistance to the 
implementation of these workstations. It also seems impractical to assume that office 
workers in formal work attire would participate in physical activity while working. 
Cycling, for example, naturally requires comfortable clothing which may not always 
be available in office settings especially if an employee is to attend a formal meeting.  
 
Feasibility  
Cycling workstations seem to be less supported in the literature in comparison to 
walking and standing desks. A number of reasons have contributed to cycling 
workstations being less suitable. Firstly, the majority of the increased energy 
expenditure in association with active workstations has been correlated to walking 
desks (Tudor-Locke et al., 2014). Small sample sizes and uncertainty with regard to 
long-term effects may have contributed to cycling workstations being less favoured. 
Furthermore, the psychological disadvantages, including reduction in satisfaction 
and an increase in stress levels, associated with cycling workstations have also 
challenged the efficacy of this type of occupational intervention (Sliter et al., 2015). 
Straker et al. (2009) measured the effects of cycling, walking and standing 
workstations on keyboard and mouse work performance in 30 office workers. 
Although their findings indicated the effectiveness of active workstations to increase 
energy expenditure, the authors concluded that the associated work performance 
decrement when using active desks may be due to biomechanical and cognitive 
processes. Whilst there appears to be an obvious lack of evidence examining the 
effects of cycling workstations on cognitive function, the neural interconnection 
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between motor, sensory, emotional and cognitive processes in brain may provide an 
explanation for decrease in work performance. It may be suggested that presence of 
discomfort such as sweating, increased heart rate while concentrating and increased 
biomechanical effort for coordination caused by active cycling can challenge the 
balance in cognitive processes. As a result, the focus of research has shifted toward 
other methods of active work-settings including walking desks.   
 
The majority of the studies around walking workstations appear to consider the 
increase of energy expenditure as the main target to improve health related 
outcomes. Other factors such as acceptance, cognitive function and work 
performance have received less attention in the literature. These are important 
elements that contribute to feasibility and not to mention the preference for the use of 
walking desks. Three participants dropped out from a longitudinal study that 
evaluated the efficacy of walking workstations due to their medical conditions such 
as inflammatory bowel disease (Ben-Ner et al., 2014). The presence of health 
conditions, such as pregnancy and the cost associated with treadmill desks imposed 
on employers, may create resistance to the acceptance of this type of active 
workstation. Current evidence suggests that recruitment of treadmill workstations is a 
costly method when work performance and communication skills are impaired. The 
significant role of body language in communication is frequently mentioned in 
business, marketing and customer service strategies (Özüorçun, 2013). The 
biomechanical and physiological challenges associated with walking workstations 
may alter our natural form of verbal and body language communication which may 
ultimately challenge work efficiency. Collectively, the negative features of walking 
workstations have  resulted in exposure of standing desks as an intervention 
strategy for occupational prolonged sitting.  
 
Hinckson et al. (2013) conducted a pilot study to address prolonged sitting at 
younger age within a schooling environment. They found that integration of standing 
desks in elementary-school classrooms benefit from a high level of acceptability from 
both students and the staff. Although not specific to only standing desks, 
Commissaris et al. (2014) also demonstrated that standing workstations are 
generally accepted by employees if the equipment is available to them. Commissaris 
et al. (2014) evaluated the short-term work performance in sitting, standing and 
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active workstations and reported that unlike active desks, there was no perception of 
decreased performance for standing workstations. The high feasibility for standing 
desks is also supported by participants and managers who were involved in another 
recent study (Neuhaus et al., 2014).  
 
Thorp, Kingwell, Owen, and Dunstan (2014) measured the level of fatigue and lower 
back musculoskeletal discomfort in obese employees who undertook two, five-day 
experimental conditions. Twenty three participants were randomly assigned into 
either sitting posture or interchanging between standing and seated posture every 30 
minutes for eight hours per day. The findings showed that intermittent standing bouts 
can result in improved perception of fatigue level and lower back musculoskeletal 
discomfort. Further to this, Dutta et al. (2014) conducted a randomised cross-over 
trial and noted that the installation of a collection of sit-stand desks in an office 
environment was a popular method to achieve an improvement in mood, energy 
level and physical activity. As confirmed by a recent systemic review, participants 
who have been involved in interventional studies most commonly provide positive 
feedback regarding the use of standing desks (Neuhaus et al., 2014). Taken 
together, these findings suggest that standing desks may be effective to address the 
problem of prolonged occupational sitting, if cognitive function is not sacrificed.  
 
Cognitive function  
In the history of psychological research, the development of intelligence measuring 
tests has extensively contributed to better understanding of the brain function 
(Dennis et al., 2009). The differences between intelligence quotient (IQ) and 
cognitive function have previously been provided. Dennis et al. (2009) highlighted 
that the IQ test is used to assess the outcome of combining hereditary, biological, 
individual experiences, cognitive and educational factors whilst cognitive function 
involves specific neuropsychological processes. Cognitive function involves the 
pathways in which humans gather information from the surrounding environment and 
utilise their knowledge (Klasik, Janas-Kozik, Krupka-Matuszczyk, & Augustyniak, 
2006). Many authors have evaluated different neuropsychological aspects of 
cognitive function including, attention, memory, processing speed and executive 
function (Reichenberg, 2010; Trivedi, 2006). Cognitive processes have long been an 
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area of great interest in a wide range of health-related fields including the aging 
population and neuropsychological conditions such as multiple sclerosis and children 
with attention-deficit/hyperactivity-disorder (Benedict, 2005; Jakobson & Kikas, 
2007). It has been suggested that cognitive function may remain stable in the first 
five decades of life and could be influenced by hereditary factors, early environment 
and education (Richards, Shipley, Fuhrer, & Wadsworth, 2004). 
 
Whilst the effects of environmental factors such as social class and stress on 
attention and memory aspects of cognitive processes have been highlighted (Nisbett 
et al., 2012; von Gontard et al., 2002), there seems to be a lack of evidence to 
evaluate the effects of workstations, as an environmental factor, on cognitive 
function. One limitation that appears to be consistent across interventional studies 
for prolonged sitting is that they mostly assess only the short-term effects on 
cognitive function. This may be because the field of intervention for occupational 
prolonged sitting is a new and growing concept and long-term studies are logistically 
more difficult to conduct. The assessment of the cognitive function associated with 
occupational intervention plans may provide valuable information with regard to 
psychological factors that can affect long-term work performance. There is a need for 
further high quality trials to confirm the most effective occupational interventional 
program (Torbeyns et al., 2014).  
 
 
Several studies have documented the correlation between physical activity and 
improvement in cognitive function, including preventing and/or delaying the onset of 
dementia (Rockwood & Middleton, 2007; Singh-Manoux, Hillsdon, Brunner, & 
Marmot, 2005). Cognitive processes in association with treadmill desks have 
recently been a focus of the literature in this area. This is because an increase in 
physical activity may result in an incline in energy expenditure and in turn an 
improvement in cognitive function. The latter may ultimately lead to more effective 
occupational performance and health related outcomes. Whilst the positive effects of 
walking on creative thinking has been highlighted (Oppezzo & Schwartz, 2014), the 
correlation with occupational intervention is not clear. It may be argued that day-to-
day office work related tasks are more likely to become habitual in nature and, 
therefore, require a lower level of creativity. A number of articles looking into the 
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effects of treadmill desks on cognitive performance found a decrease in fine motor 
control but no effect on selective attention and other cognitive measures, such as 
processing speed (John, Bassett, Thompson, Fairbrother, & Baldwin, 2009; Larson 
et al., 2015; Ohlinger, Horn, Berg, & Cox, 2011). Furthermore, a recent study by 
Larson et al. (2015) recruited 75 participants who were assigned into either walking 
at 1.5 mile per hour workstations or traditional sitting desks. The variables of this 
project included attention, memory, learning and typing. Whilst Larson et al. (2015) 
supported the role of walking workstations on cognitive function, their conclusions 
were not based on all of the findings. The authors reported a significant decrease in 
attention and typing in their results but, within their conclusion they referred to these 
changes as a modest difference.  Prior to that, one study that also supported the 
efficacy of walking desks incorporated only three cognitive tasks which evaluated 
only executive processing aspect of cognitive function (Alderman, Olson, & Mattina, 
2014). This study had limited number of cognitive tasks which can challenge the 
generalisability of the findings.  
 
One of the few experimental studies in relation to effects of treadmill workstations on 
cognitive function included the comparison of a sitting and a walking group (Labonté-
LeMoyne et al., 2015). Participants in this study were asked to read a lengthy text for 
40 minutes while they received emails. Whilst some emails were related to the topic 
at hand, some others were irrelevant and participants were told to optimise their use 
of time and decide whether to open the emails or not based on their subject matter. 
They were then asked true or false questions related to the text they had just read 
and/or the emails they received. Participants in the walking condition had a five-
minute treadmill habituation period prior to initiation of reading while walking at 
speed of 2.25 kilometers per hour. The results showed a short-term increase in 
attention and memory aspects of cognitive function in the walking group compared to 
the sitting group. Given this was a short-term study where participants were only 
tested for an hour, the authors were unable to provide any information or conclusion 
in relation to the long-term effects of treadmill workstations. It appears that 
researchers have attempted to establish the efficacy of walking workstations by a) 
supporting the increase in energy expenditure associated with walking, and b) by 
demonstrating that treadmill workstations do not compromise cognitive function 
(Alderman et al., 2014; Ohlinger et al., 2011). However, there is abundant room for 
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further progress in determining the exact effects of walking desks on cognitive 
function. Future studies may incorporate larger sample sizes from different age 
groups, more cognitive tasks and assess the long-term effects and evaluate different 
aspects of cognitive function in relation to walking desks.  
 
The very few articles that have assessed the cognitive processes in association with 
standing desks support the role of standing desks and highlight the need for further 
research (Commissaris et al., 2014; Ohlinger et al., 2011). Although A. A. Thorp et 
al. (2011) reported a decrease in concentration in association with intermittent 
standing bouts during working hours; there were no objective measures that 
assessed the cognitive function. The main aim of their study appeared to be 
measuring only the level of fatigue and musculoskeletal discomfort in obese office 
workers.  
 
Understanding the link between cognitive function and workstations will provide 
valuable information with regard to intervention for prolonged occupational sitting. 
Providing the physiological benefits that standing desks offer, it is essential to 
evaluate the effects of working from a standing desk on different aspects of cognitive 
function, and, in doing so, work performance. The effects of standing desks on 
attention, as a key contributing factor to cognitive function, requires further research 
and investigation.  
 
Attention 
Attention is one of the basic domains of cognitive function and refers to the selective 
directedness of our mental lives (Mole, 2013). Directedness can be driven either 
from an individual’s goals known as endogenous attention, which is internally driven, 
or from environmental salience known as exogenous attention, which is externally 
driven (MacLean et al., 2009). Attention consists of selective, divided and sustained 
processing factors. At least one of these attentional factors is highly involved in all 
cognitive domains except when dealing with learned task performance (Glisky, 
2007).  
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Selective attention is a neural mechanism that can be controlled by instruction and 
that can select specific kinds of stimuli or neural signals for specific kinds of neural 
processing(Geisler & Cormack, 2010). Although older populations may be slower in 
performing selective attention tasks, information processing speed seems to be the 
main reason for this finding. A review of meta-analysis found that there were no age-
related deficits specific to selective attention (Verhaeghen & Cerella, 2002).  
 
Sustained attention refers to the ability to maintain concentration on a task over an 
extended period of time (Glisky, 2007) and is, therefore, important for work situations 
that require alertness (Mole, 2013). Divided attention is the ability to integrate 
multiple stimuli in parallel (Iacoboni, 2005) and refers to the capacity to split 
directedness. Dual tasks are used to measure one’s divided attention and attention 
switching ability. Recently it has been reported that adults can improve their dual 
task performance by training (Bherer et al., 2005). More recently, it has been 
confirmed that cognitive plasticity in attentional control is a possibility in both young 
and older adults (Bherer et al., 2008). Attentional capacity has been suggested to be 
an important factor associated with cognitive variance underlying intelligent 
performances, and is a term used to refer to the ability to withdraw from some stimuli 
and deal more effectively with others (Howard, Johnson, & Pascual-Leone, 2013).  
 
Given that the attention is involved in the majority of cognitive performance, it is 
necessary to have a sound understanding of the factors that can potentially alter the 
attention domain. It is logical to assume that an improvement in attentional 
processing may lead to an improvement in decision making, problem solving and 
reasoning which can ultimately with no doubt result in an improvement in work 
performance. Improvement in work performance and work efficiency may also result 
in an increase in personal performance satisfaction of the employees which can 
result in positive psychological benefits. Satisfaction of both employees and 
employers may further create more opportunities for the growth of companies and 
promotion of employees. It is therefore a natural need for all employees and 
employers including large institutions to know the effects of environmental factors, 
including workstations, on attentional processes.  
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Impact of training on attention  
One important element in regard to attention that appears to have received less 
consideration in the literature is the level of attention required for each individual 
task. A recent literature review demonstrated that background music in operation 
rooms may contribute to overall stress of the operating team which can alter the 
effectiveness of medical care (Shambo, Umadhay, & Pedoto, 2015). In contrast, 
objective evaluation of the effects of noise on the performance of a complex 
laparoscopic task showed that background music was less likely to alter the 
surgeons’ attention and concentration (Moorthy, Munz, Undre, & Darzi, 2004). 
Moorthy et al. (2004) concluded that surgeons were able to block-off the background 
noise. This could have been due to the seriousness of the task which required a high 
level of attention. Alternatively, the level of experience and training of the surgeons 
might have also contributed to these findings because it has previously been 
indicated that prior learning and rehearsal strategies may lead to habituation of the 
tasks (Pascual-Leone, 1984). The mechanism of habit-formation has been shown to 
offer positive psychological benefits which can facilitate humans achieving their 
goals (Gardner, Lally, & Wardle, 2012). Furthermore, the importance of human 
habits in behavioral formation and decision making was evaluated which indicated 
habits release the cognitive areas of the brain to concentrate on higher goals 
(Bernacer & Murillo, 2014). This observation provides further evidence for correlation 
between training and improvement in attention (Bherer et al., 2005). As 
demonstrated by Glisky (2007), except when dealing with learned tasks, attention is 
a key contributing factor to all other aspects of cognitive function. Therefore, an 
improvement in attention may result in an improvement in total cognitive function 
which can improve work performance.  
 
Impact of exercise and posture on attention  
A number of publications have reported the positive effects of physical activity on 
cognitive function (Coelho, Santos-Galduroz, Gobbi, & Stella, 2009; Ratey & Loehr, 
2011). Whilst the efficacy of prolonged low-intensity physical activity in increasing 
neurotrophin, a protein that is likely to mediate beneficial effects of exercise on the 
brain, has been highlighted (Ploughman, 2008), a recent systemic review 
demonstrated a lack of evidence to provide any classified exercise plan in patients 
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with mental challenges including Alzheimer’s disease (Coelho et al., 2009). Prior to 
that, the positive influence of aerobic exercise on attention was also evaluated 
(Hawkins, Kramer, & Capaldi, 1992). Here, the authors investigated the correlation 
between aerobic exercises and attentional processes in older adults who performed 
two attentional tasks in comparison to older adults with no exercise regime. Hawkins 
et al. (1992) found that whilst participants in both groups showed similar results on 
single -task performance, older exercisers showed significant improvement in dual-
task processing. However, there appears to be a lack of evidence providing the 
exact mechanism for the correlation between exercise and any improvement in dual 
tasks.  
 
Research into measurement of the effects of exercise on inattention, hyperactivity 
and moodiness in children with attention-deficit/hyperactivity-disorder has been 
conducted. Hoza et al. (2015) compared the effects of a 31-minute daily exercise 
program in comparison to a sedentary classroom-based program on children at risk 
of attention-deficit/hyperactivity-disorder and children typically developing. Both 
interventional programs were conducted for 31 minutes daily before school, over a 
12-week period. Children in exercise group played games that involved continuous 
physical activity while children in the sedentary group performed art activities. Within 
the attention-deficit/hyperactivity-disorder group, the aerobic exercise program was 
shown to reduce inattention and moodiness in comparison to sedentary program. 
These findings are further supported in the literature by a recent systemic review and 
meta-analysis of randomized controlled trials which suggested aerobic exercise 
interventions may offer improvement in attention-deficit/hyperactivity-disorder related 
symptoms (Cerrillo-Urbina et al., 2015).  
 
Whilst aerobic exercise can improve one’s attention, it is interesting to note that 
postural control and stability are in fact, heavily dependent on attentional processes 
(Woollacott & Shumway-Cook, 2002). Due to the impaired afferent somatosensory 
pathway associated with elderly, the attentional demand to maintain posture and 
balance increases with aging (Shumway-Cook & Woollacott, 2000). Whilst the 
effects of attention domain on postural control has been noted in the literature 
(Mazaheri, Coenen, Parnianpour, Kiers, & van Dieen, 2013; Salavati et al., 2009), 
the impact of posture on attention is not well understood. The interconnection 
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between attention and sensory information contribute to coordination and postural 
control; however, it is not clear whether postural changes could provide a 
mechanism to manipulate attention. Dunk et al. (2009) found an increased load on 
lower lumbosacral joints during prolonged sitting. Similarly, using plain film X-rays, 
the differences in pelvic orientation in sitting and standing postures were assessed 
by De Carvalho, Soave, Ross, and Callaghan (2010). A significant loading increase 
was reported in sitting in comparison to standing posture. Traditional sitting desks 
are associated with musculoskeletal discomfort and poor posture which may 
compromise attentional ability to concentrate on task performance.  
 
Impact of standing workstations on attention  
Recently, researchers have highlighted the correlation between mental attention 
measures and ability in achievement tests. For instance, Howard et al. (2013) 
demonstrated that cognitive processes including mental attention are responsible for 
IQ test results. The authors assessed the attentional capacity of 91 children who 
were subdivided into two groups: intellectually gifted and mainstream groups. The 
measures included mental attentional capacity in the verbal and visuo-spatial 
domains. Their findings revealed that gifted children scored higher for mental 
attentional capacity. An implication of this is the possibility that changes in attention 
may lead to alteration in work performance. The feasibility of standing desks may 
provide a logical justification to assess the effects of standing desks on attentional 
processes.  
 
To date, only one randomised controlled cross-over trial has specifically measured 
the differences in cognitive function for participants using standing desks in 
comparison to traditional sitting workstations (Schraefel, Jay, & Andersen, 2012). 
The methodology of this study benefits from incorporating a reliable and well-
recognised neurocognitive test battery known as CNS Vital Signs (Gualtieri & 
Johnson, 2006). Schraefel et al. (2012) used this cognitive test battery to measure 
different domains of cognitive function including executive function, complex 
attention, cognitive flexibility, psychomotor speed, reaction time and processing 
speed. Participants in this study were randomly assigned to either a sitting or a 
standing group and were guided to perform the associated cognitive tasks. The 
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findings showed that only the attention domain is impacted if using standing desks in 
comparison to sitting desks. The reliability of the results of this study however, is 
questionable. Firstly, their sample size included only 17 male participants with 
scientific academic backgrounds. This attitude toward participant recruitment 
increases the risk of selection bias by choosing a more convenient study group. The 
external validity of the findings of this study would have increased if the authors had 
included different genders, age groups and people from different educational 
backgrounds. Similar attitude is once again observed in the last section of this article 
when a discussion with regard to limitations of the study is provided. The authors 
mentioned that the CNS Vital Signs in this study was customised partly due to a time 
efficiency standpoint. This statement could be a reflection of impatience to 
unexpected results which may have contributed to insufficient testing time of this 
study. The entire testing time for both standing and sitting positions took only one 
hour and ten minutes. Upon completion of the first testing session (either standing or 
sitting), participants had only one ten-minute-long break before commencing the 
second round of testing whereupon they completed the testing in the opposing 
position to earlier in the day. This is another major weakness which challenges the 
findings of this study because performing cognitive tasks for only an hour is not a 
true representation of a typical working day and may not detect the effects of fatigue. 
In addition to this, not only did each participant have to perform both of the standing 
and sitting conditions on the same day but they were also provided with the exact 
same test to complete in the morning and then again in the afternoon. This 
introduces a number of limitations to the study including that the   participants might 
have remembered and learned the tests that they performed in the first session. 
Unfortunately, the authors failed to incorporate how they controlled the effects of 
memory and learning.  
 
There appear to be many factors that contribute to complexity of attentional 
processes including task difficulty, the level of physical activity and stress. 
Consequently, this complexity has led to a multifactorial assessment of attention 
domain. Various researchers have attempted to examine different aspects of 
attention and have found that manipulation of the modifiable environmental factors 
such as workstations may result in an improvement in attentional processes. Studies 
in the field of psychology, ergonomics and sedentary physiology have all contributed 
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to promising findings that can lead to establishing an effective intervention to 
address the negative effects of occupational prolonged sitting. It is crucial to provide 
high quality supportive documents for any intervention for occupational prolonged 
sitting to encourage the local and governmental organisations to invest in associated 
costs. The current study was a part of a larger project which measured the effects of 
working from a standing desk on cognitive function. The current thesis evaluates the 
effects of standing desks on attention in comparison to traditional seated desks. 
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Chapter two: Methods 
Experimental design  
A randomised controlled cross-over design with repeated measures was conducted 
in which each participant performed two days of testing, one standing and one 
sitting, with a seven-day wash out period between the two testing days. Prior to the 
first testing day, a familiarisation session was carried out to inform the participants 
about the overview of testing days, the tasks that were involved and to answer any 
questions. Three available offices for data collection at building 52 Unitec Mount 
Albert campus were used for both sitting and standing testing days. With regard to 
standing testing days, a custom built desk was used which was placed on top of a 
seated desk. Each testing day involved performing a combination of several 
cognitive tests and a number of work performance related tasks.  
 
The cognitive tests were designed to evaluate the possible effects of standing desks 
on five different cognitive domains including attention, processing speed, working 
memory, perceptual reasoning and executive function. The purpose of the work 
related tasks was to create a working day that closely simulates a typical office 
working day. With regard to attention, four tasks were used which included 
Continuous Performance Task-AX, Continuous Performance Task-Inhibition, the 
Paced Auditory Serial Addition Test and the Figural Intersection Task. These four 
attentional tasks will form the basis of this thesis. A summary of the analysis of the 
entire standing desk project are provided in Appendix A.  
 
Sample size calculation 
Although small effect sizes for aerobic exercise stimulus have been reported in 
previous research (d = 0.3), cognitive fatigue has previously been shown to affect 
the attention-based tasks with a sample of 17 participants (Boksem, Meijman, & 
Lorist, 2005). Similarly, 17 participants performing cognitive tasks for one hour 
indicated a significant difference in complex attention between standing and sitting 
(Schraefel et al., 2012). For this reason, these studies may support the hypothesis 
that a target sample of 30 participants incorporated with delivering a full day of 
stimulus is sufficient to identify any remarkable changes in cognitive function.   
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Participants 
Thirty healthy volunteers (14 females and 16 males) aged between 20 and 49 years 
old were randomised (stratified block (blocks of 2) randomisation) into two groups 
(sitting or standing on the first day) that were matched by strata of age and gender 
(see Table 1).  
 
Table 1. Demographic characteristics and group statistics 
  
Number 
 
Age (years) 
Mean (SD) 
 
t-test results 
 
 
Males 
 
 
16 
 
27.14 (5.11) 
t(28) = -0.48, p = 0.634 
Females 14 
 
28.53 (7.58) 
 
Sitting group* 
 
 
15 
 
27.07 (6.34) 
t(28) = -0.58, p = 0.570 
Standing group 
 
15 28.53 (7.58) 
* The sitting group sat for their first day and stood for their second. While the standing group stood for 
   their first day and sat for their second.  
 
Participants were registered through responses to advertising via the webpage 
‘Researchstudies.co.nz’, word-of-mouth and personal Facebook pages of individual 
researchers. In addition an advert was placed on ‘Stuff.co.nz’. All potential 
participants were required to register on the webpage and read the Participant 
Information Sheet (see Appendix B). Upon registration, a Demographic 
Questionnaire (see Appendix C) which evaluated the eligibility of the participant in 
alignment with the exclusion criteria, was completed.  
 
Applicants were excluded if they had any of the following: 1) musculoskeletal or 
other pathologies preventing or influencing their ability to stand for prolonged periods 
of time, 2) cognitive pathologies, such as chronic fatigue or any previous serious 
head injuries influencing their ability to perform cognitive tasks, 3) current usage of 
any medications which may affect concentration and cognitive performance, 4) a 
lack of fluency in written or verbal English (fluency was determined by the researcher 
over the phone and during the familiarisation session if there were any doubts with 
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the participants ability), 5) clinically diagnosed colour blindness, and 6) current usage 
of a standing desk.   
Ethics  
Prior to commencing the investigation, ethical approval of the procedures and 
conditions of this project were obtained from the Unitec Research Ethics Committee. 
Following project approval, all participants provided written informed consent forms. 
On completion of the second testing day each participant was reimbursed with an 
option of fuel vouchers (MTA Gift Vouchers) and/or Westfield Gift Cards to the total 
value of NZ $200.00. 
 
Procedure 
All the volunteers who met the inclusion criteria were assigned a collaborator by the 
two principal investigators. The collaborators included five student researchers who 
then contacted each of the registered participants to organise a familiarisation 
session which included determining the dates for the two testing days. Weekends 
were also an alternative time if a participant and/or their collaborator were not 
available for testing during week days. In total, four research booklet types were 
designed for this study to ensure consistency across all researchers administering 
the tasks and collecting data. Resource booklets and participant booklets were 
prepared to administer the tasks and to record the data. The researcher booklets 
covered the answers for marking, while familiarisation booklets contained examples 
of each task to be shown to the participants during the familiarisation session. Data 
collection commenced in December 2014 and ceased in May 2015.  
 
Familiarisation day 
Prior to the first testing day, participants were required to attend one familiarisation 
session at Unitec Institute of Technology, Mount Albert Campus, Auckland, New 
Zealand. The familiarisation day ran for approximately one hour and was structured 
to provide the participants with information in relation to the tasks that were involved, 
the procedure for each testing day and to answer any questions. Following 
confirmation of the dates for testing days, Informed Consent Form (see Appendix D) 
was then received in hard copy, acknowledging the participants’ understanding of 
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the study and their rights and obligations. The participants were also shown the 
location of the offices for data collection, kitchen and the toilet within the building. For 
the testing days the participants were a) asked to bring their own lunch and wear 
comfortable foot wear; and b) requested to keep their lunch similar and their foot 
wear consistent across the two testing days. Hot beverages including tea and coffee, 
cookies, fruit and snack bars were provided for participants.  
 
Work stations  
The rooms that were used for data collection were located in the Department of 
Osteopathy, which benefits from a low level of noise disturbance. The setting of all 
three offices closely resembled the work environment of office workers and were 
kept consistent for all testing days. All the testing rooms had a desktop computer and 
a seated desk. A custom built standing desk was used for standing days and was 
designed so that the computer was situated in front of the participant at a height that 
was comfortable and suitable for the participant. The set-up of the work stations 
allowed adequate space for performing motor tasks such as typing, reading and 
writing. To enable the participants to see the computer screen clearly, the height of 
all monitors and chairs were adjustable to suit each individual participant, and these 
were kept consistent between testing days.  
 
Testing days  
Data were collected during a total of 60 one-on-one sessions consisting of one 
collaborator and one participant. All testing days started at 9:00am and finished at 
4:30pm and involved three testing sessions. Each testing session consisted of 19 
cognitive tasks and four work performance related tasks (see Appendix E). Each 
testing session lasted two hours and included all of the cognitive and work 
performance tasks. The tasks were different for each testing session and the 
sessions were matched for difficulty as much as was practical and possible. If a 
participant completed the tasks early, they were instructed to put additional time into 
the work performance tasks until the two hours of testing was completed. This was to 
control the time the participants’ spent under cognitive load.  
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The first, second and third testing sessions were respectively named Morning, 
Midday and Afternoon for the variable Time of Day. The sitting testing day was 
considered the Sitting Condition and the standing testing day was considered the 
Standing Condition. There were two break intervals allocated following completion of 
Morning and Midday sessions. The first was an hour lunch break in which the 
participants were encouraged to stay within the campus. The next break was 30 
minutes long (see Figure 1).  
 
Morning 9:00am - 11:00am 
Lunch Break 11:00am - 12:00pm 
Midday 12:00pm - 02:00pm 
Tea Break 02:00pm - 02:30pm 
Afternoon 02:30pm - 04:30pm 
 
Figure 1: Overview of the testing sessions   
 
The timing for testing sessions and allocated breaks were kept consistent throughout 
all testing days. During the standing testing days the participants had the option to sit 
for a few minutes if they preferred, however, they were encouraged to stand for most 
of the testing time. Several factors were controlled for over the day: 1) a participant 
log (see Appendix F) was given to participants before initiation of each testing day. 
This was to keep a record of any confounding variables that may have impacted their 
performance on the day, such as their amount of alcohol consumption in the last 24 
hours, 2) at the end of the first testing day participants were asked to keep a diary 
detailing their food and drink intake (see Appendix G). All participants were then 
asked to repeat their nutritional intake on the second testing day. The second day 
nutritional intake was also recorded for comparison to the first day testing day, and 
3) to assess the possible contribution of fatigue in cognitive performance, the 
participants were asked to indicate the level of their fatigue following completion of 
each testing session. A fatigue scale was such that zero corresponded to no fatigue 
or tiredness at all and ten corresponded to the worst fatigue or tiredness imaginable 
(see Appendix H). Participants were asked to circle a number between zero and ten.    
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Task description and variables  
Four tests were used to evaluate the effects of standing desks on attention. These 
tests were administered alongside 15 other cognitive tasks, which tested other 
cognitive domains (see Appendix A). In addition, four work tasks were designed and 
used to test for work related performance such as reading and data entry. The 
Fatigue Score for each Time of Day was also analysed. All the cognitive and work 
related tasks were administered through either a desk top computer or a participant 
booklet. For the Continuous Performance Task (AX and Inhibition), the participants 
used a computer. The Participant booklets were used for the Figural Intersection 
Task, which was placed on the desk in front of the participant, while a recording for 
the Paced Auditory Serial Addition Test was played via computer. 
 
Measure 1: Continuous Performance Task – AX (CPT-AX) 
Continuous Performance Task (CPT) is a popular neuropsychological test which 
measures sustained attention (Raz, Bar-Haim, Sadeh, & Dan, 2014) and has been 
widely used in the diagnostic process for children with attention-deficit /hyperactivity- 
disorder (Pollak et al., 2009). In this study, participants were presented with 
repetitive letters on a computer screen and were asked to press the space bar on the 
keyboard as quickly as possible every time they saw an ‘X’ immediately after an 
‘A’ (see Figure 2). This version of the CPT is known as CPT-AX (Chen, Hsiao, Hsiao, 
& Hwu, 1998). The CPT-AX in this project ran for four minutes and included a total 
number of 240 letters, which appeared on the computer screen at the rate of one 
every second. The variables that were analysed were Mean Reaction Time (ms) and 
Mean Number Correct. 
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Figure 2:  Schematic of the Continuous Performance Task-AX showing successive 
letters being displayed one per second. The participant was required to push the 
space bar upon seeing A then X. 
 
 
Measure 2: Continuous Performance Task – Inhibition (CPT-Inhibition) 
The Continuous Performance Task - Inhibition is another form of CPT that is utilised 
to measure transient attention rather than sustained attention (Ballard, 2001). It is 
associated with a participant’s ability to switch response and concentration 
preparation on and off across different items of this task (Smid, de Witte, Homminga, 
& van den Bosch, 2006). The CPT-Inhibition task required participants to press the 
space bar on the keyboard as quickly as possible for every letter that they saw on 
the computer screen except the letter ‘X’. This test also ran for four minutes and 
included 240 letters shown one per second. The measured variables included Mean 
Reaction Time (ms) and Mean Number Correct. 
 
Measure 3: Figural Intersection Task (FIT) 
The Figural Intersections Task (FIT) was a paper-based measure of attentional 
capacity (Howard et al., 2013). The items consisted of two to eight overlapping 
geometric shapes and participants were required to locate the one area of common 
intersection among the shapes by drawing a dot inside the area. The number of 
overlapping shapes in an item corresponded to the item’s attentional capacity-
demand (i.e., the requisite attentional capacity to be able to concurrently coordinate 
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the shapes in mind) and defined the item class (see Figure 3). The FIT version used 
in this project had seven items, each item presenting classes between two to eight 
shapes. Items were incorporated within the participant booklet and were presented 
from the lowest to the highest class. The Mean Number Correct was the variable that 
was measured in this project.  
 
 
Figure 3: Example of a Class 5 Figural Intersection Task item. 
 
Measure 4: The Paced Auditory Serial Addition Test (PASAT) 
The Paced Auditory Serial Addition Test (PASAT) is a cognitive measure requiring 
participants to focus, remember and sum numbers while ignoring distractors, 
including the answers that they provide (Brooks et al., 2011). The PASAT has been 
shown to be highly sensitive and reliable (Tombaugh, 2006). An auditory computer 
program was used to present 40 single digits every two seconds and the participants 
were required to add each new digit to the one immediately prior to it and speak out 
loud their answers. The participants were informed that they were not asked to give 
a running total, but rather the sum of only the last two numbers that were spoken to 
them (see Figure 4). The test score was the total number of correct sums given (out 
of a possible 40) in each trial. Mean Number Attempted and Mean Number Correct 
were the variables analysed.  
 
Sequence of numbers read to the participant 1 6 5 9 4 9 2 8 
Correct answers  7 11 14 13 13 11 10 
 
Figure 4: Example of the Paced Auditory Addition Test (1 + 6 = 7; 6 + 5 = 11, etc.) 
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Data collection and analysis  
The SPSS (SPSS Inc, v17.0, Chicago) statistical software analysis program was 
used for the data analysis. Data were checked for normality with Shapiro-Wilk test 
and effects of Condition (sitting or standing) and each Session (Morning, Midday and 
Afternoon) were tested using Wilcoxon Signed-Ranks Tests for non-parametric and 
ANOVAs for parametric data. The statistical significance of this study was set a p < 
0.05. Data are presented as a Mean (Standard Deviation) throughout this study.  
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Chapter three: Results 
Baseline characteristics 
Seventy-two people volunteered to participate in this study, 49 of whom met the 
inclusion criteria. Two of the volunteers withdrew from the study due to not being 
able to attend the testing days. The first thirty people who successfully completed the 
registration process were accepted and invited to participate in the study, and all 
completed the project. One participant, however, demonstrated signs of stress 
during testing and was later identified as an outlier in several tasks of the attention 
domain. For this reason, this participant was excluded from all analyses of the tasks 
reported in this thesis. An additional participant was excluded from data analyses for 
CPT-AX and CPT-Inhibition because they clearly misunderstood the task 
instructions. This was evident by eyeballing the raw data for specific sets, whereby 
many errors were made and were consistent with the opposite program. For 
example, all instances were responded to except ‘X’s in the CPT-AX task (that is the 
response required for the CPT-Inhibition task), and vice versa.  
 
 
Continuous Performance Task-AX (CPT-AX) 
The variables collected and analysed for CPT-AX were Mean Reaction Time (ms) 
and Mean Number Correct. For the variable CPT-AX Mean Reaction Time, there 
was no main effect of Condition, F(1,27) = 0.74, p = 0.397, but there was a main 
effect of Time, F(2,54) = 17.78, p < 0.001. For Time of Day there was a significant 
decrease in Mean Reaction Time (and, thus, better performance) between Morning 
(M = 551, SE = 17.20) and Midday (M = 519, SE = 14.22), p < 0.001, and between 
Morning and Afternoon (M = 512, SE = 15.22), p < 0.001, but there was no 
difference between Midday and Afternoon, p = 0.99. There was no interaction 
between Time and Condition F(2,54) = 0.85, p = 0.417 (see Figure 5). 
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Figure 5: Mean Reaction Time (ms) for the CPT-AX task during Sitting and Standing 
conditions at three times across the day. Error bars represent standard error of the 
mean. 
 
For the variable CPT-AX Mean Number Correct there was no main effect of 
Condition, F(1,27) = 0.01, p = 0.930, or Time of Day, F(2,54) = .22, p = 0.803. 
Additionally, there was no interaction between Condition and Time of Day, F(2,54) = 
0.57, p = 0.566 (see Figure 6) 
 
 
 
Figure 6: Mean Number Correct for the CPT-AX task during Sitting and Standing 
conditions at three times across the day. Error bars represent standard error of the 
mean. 
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Continuous Performance Task – Inhibition (CPT-
Inhibition) 
The variables collected and analysed for CPT-Inhibition were Mean Reaction Time 
(ms) and Mean Number Correct. For the variable CPT-Inhibition Mean Reaction 
Time, there was no main effect of Condition, F(1,27) = 0.60, p = 0.446, but there was 
a main effect of Time of Day, F(2,54) = 19.41, p < 0.001. Pairwise analyses for this 
variable revealed there was a significant decrease in Mean Reaction Time (and thus, 
better performance) between Morning (M = 500, SE = 11.27) and Midday (M = 475, 
SE = 12.80), p < 0.001, and between Morning and Afternoon (M = 478, SE = 13.05), 
p = 0.001, but there was no difference between Midday and Afternoon, p < 0.99. 
Interestingly, there was a significant interaction between Condition and Time of Day,  
F(2,54) = 4.11, p = 0.022, indicating that reaction time was significantly faster at 
Afternoon in comparison to Morning in the Standing condition, p < 0.001, but not in 
the Sitting condition, p = 0.379. Furthermore, the interaction also showed that in the 
Afternoon the difference between Sitting and Standing verged on significance, p = 
0.051, with faster reaction times in the Standing condition (see Figure 7).  
 
 
Figure 7: Mean Reaction Time (ms) for the CPT-Inhibition task during Sitting and 
Standing conditions at three times across the day. Error bars represent standard 
error of the mean. 
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For the variable CPT-Inhibition Mean Number Correct, there was no main effect of 
Condition, F(1,27) = 0.72, p = 0.790, but there was a main effect of Time, F(2,54) = 
15.45, p < 0.001, showing a significant increase in Mean Number Correct between 
Morning (M = 181.93, SE = 0.63) and Midday (M = 184.48, SE = 0.50), p < 0.001, 
and between Morning and Afternoon (M = 183.93, SE = 0.48), p = 0.005, but not 
between Midday and Afternoon, p = 0.592. There was no interaction between Time 
of Day and Condition, F(2,54) = 0.55, p = 0.579 (see Figure 8). 
 
 
 
Figure 8: Mean Number Correct for the CPT-Inhibition task during Sitting and 
Standing conditions at three times across the day. Error bars represent standard 
error of the mean. 
 
Figural Intersection Task (FIT)  
For the variable Figural Intersection Mean Number Correct, there was a main effect 
of Condition, F(1,27) = 8.24, p = 0.008, showing that performance when standing (M 
= 6.43, SE = 0.12) was better than performance when sitting (M = 6.14, SE = 0.16). 
There was also a main effect of Time of Day, F(2,54) = 4.09, p = 0.030. Pairwise 
tests revealed there was a trend toward a significant increase in task performance 
between Morning (M = 6.04, SE = 0.21) and Afternoon (M = 6.45, SE = 0.12), p = 
0.070, but no differences between Morning and Midday (M = 6.38, SE = 0.15), p = 
0.163, or Midday and Afternoon, p > 0.99. There was no interaction between 
Condition and Time of Day, F(2,54) = 1.13, p = 0.324 (see Figure 9). 
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Figure 9: Mean Number Correct for FIT during Sitting and Standing conditions at 
three times across the day. Error bars represent standard error of the mean. 
 
Paced Auditory Serial Addition Test (PASAT)  
For the variable PASAT Mean Number Attempted, there was no main effect of 
Condition, F(1,27) = 0.17, p = 0.684, but there was a main effect of Time of Day, 
F(2,54) = 7.68, p = 0.001. Pairwise tests revealed there was a significant increase in 
task performance between Morning (M = 30.98, SE = 1.17) and Midday (M = 32.04, 
SE = 1.24), p = 0.035, and between Morning and Afternoon (M = 32.70, SE = 1.10), 
p = 0.002, but there was no difference between Midday and Afternoon, p = 0.545. 
There was no interaction between Condition and Time of Day, F(2,54) = 0.03, p = 
0.945 (see Figure 10). 
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Figure 10: Mean Number Attempted for the PASAT task during Sitting and Standing 
conditions at three times across the day. Error bars represent standard error of the 
mean. 
 
Understandably, the results for the variable PASAT Mean Number Correct were very 
similar to the variable PASAT Mean Number Attempted, showing there was no 
discernable difference in behaviour between attempting to answer each item and 
ensuring correctness of those answers. For this variable, there was no main effect of 
Condition, F(1,27) = 0.76, p = 0.785, but there was a main effect of Time of Day, 
F(2,54) = 5.56, p = 0.006. Pairwise tests revealed there was a significant increase in 
task performance between Morning (M = 28.23, SE = 1.32) and Midday (M = 29.50, 
SE = 1.37), p = 0.047, and between Morning and Afternoon (M = 29.80, SE = 1.29), 
p = 0.013, but there was no difference between Midday and Afternoon, p > 0.99. 
There was no interaction between Condition and Time of Day, F(2,54) = 1.20 p = 
0.309 (see Figure 11). 
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Figure 11: Mean Number Correct for the PASAT task during Sitting and Standing 
conditions at three times across the day. Error bars represent standard error of the 
mean. 
 
 
Fatigue Score 
For the variable Fatigue Score, there was no main effect of Condition, F(1,27) = 
1.39, p = 0.249, but there was a main effect of Time of Day, F(2,54) = 25.60, p < 
0.001. Pairwise analyses revealed a significant increase in Fatigue Score (more 
fatigue) between Morning (M = 3.55, SE = 0.29) and Midday (M = 4.47, SE = 0.27), p 
= 0.003, and between Morning and Afternoon (M = 5.52, SE = 0.28), p < 0.001, as 
well as between Midday and Afternoon, p < 0.001. There was no interaction between 
Condition and Time of Day, F(2,54) = 1.17, p = 0.318 (see Figure 12). 
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Figure 12: Mean Fatigue Score during Sitting and Standing conditions at three times 
across the day. Error bars represent standard error of the mean. 
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Chapter four: Discussion 
Main findings  
Performance in attention while working at a standing desk was compared to working 
at a seated desk. The results showed two main findings. First, that in one of the four 
tasks (Figural Intersection Task (FIT)) there was a significant increase in attentional 
capacity when standing. This was also evident in a second task, the Continuous 
Performance Task – Inhibition (CPT-Inhibition), whereby a Condition by Time of Day 
interaction showed that performance in the afternoon was better when standing and 
continued to improve, unlike the Sitting condition, whereby performance declined 
back toward Morning levels in the afternoon. This may demonstrate that tasks which 
require similar attentional demands to the FIT (and CPT-Inhibition) may be 
performed more efficiently in a standing position.  
 
Secondly, in all tasks participants performed more efficiently at midday and in the 
afternoon in comparison to in the morning. This observation was evident across all 
attentional tasks investigated, whereby the time it took for someone to react to a 
target item was markedly reduced (CPT-AX and CPT-Inhibition Mean Reaction 
Time). Furthermore, participant’s accuracy improved as the day progressed (Figural 
Intersection Mean Number Correct, PASAT Mean Number Attempted and Number 
Correct, and CPT-Inhibition Mean Number Correct). With regard to PASAT, analyses 
of Mean Number Attempted and Mean Number Correct were included to assess any 
possible artificial attempts to achieve higher scores. However, overall, the results 
showed that throughout the day, the more frequently the participants answered 
questions, the more correct answers they seemed to achieve. 
 
This efficiency may have been related to learning processes and previous 
experiences in which participants experienced and learned the exact requirements 
for each task following the Morning Time of Day, remembered the associated 
challenges and developed strategies to perform more efficiently for the following 
testing sessions. The seven-day washout period also seemed to be sufficient to 
control the effects of memory because; participants performed more efficiently in 
Midday and Afternoon in comparison to Morning Time of Day, in both testing days. 
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The finding may also be related to the effects of learning processes. It may be that 
because participants became more familiar with related tasks in the Morning Time of 
Day, there was less cognitive demand during the rest of the day. These findings 
correlate with the data in the literature which highlight that attention is heavily 
involved in all cognitive processes except when dealing with learned tasks such as 
those that are performed daily as a routine and become automatic with practice 
(Glisky, 2007). 
 
Additionally, the Fatigue Score also showed a Time of Day effect, whereby perceived 
fatigue increased significantly as the day proceeded. Surprisingly, however, the 
Fatigue Score had no effect on performance, as shown by consistently better 
performance in the latter sessions of the day in all four tasks. So while participants 
felt more fatigued at midday and in the afternoon, in fact their attentional capacity 
was sharpened. It should be noted here also that there was no effect of Condition, 
nor was there an interaction between Condition and Time of Day, suggesting 
participants felt no more or less fatigued when standing in comparison to sitting. It 
may have been presumed that participants would feel more fatigued when standing.  
 
Given the positive health effects of standing compared with sitting (Torbeyns, Bailey, 
Bos, & Meeusen, 2014) , the results of this study further support that standing desks 
may be a sensible substitution for traditional desks, particularly because 
improvements in attentional capacity have now been found. Given that attention is 
present in the majority of cognitive processes, an improvement in attentional 
capacity may lead to an improvement in overall cognitive function and ultimately 
work performance, in the long-term.  
 
Underlying mechanisms 
Previously, Schraefel et al. (2012) demonstrated that attention is reduced when 
working at a standing desk in comparison to a seated desk. Schraefel et al. (2012) 
suggested that employees who need to switch between selective attention for one 
task and a sustained focus for another, may improve their attention by moving 
between seated and standing positions based on the type of the task they are 
performing. This was based on the theory that different tasks are associated with 
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different stress levels that can ultimately alter attentional demands. Participants in 
the study by Schraefel et al. (2012) were all working in an open laboratory 
environment that may be associated with high levels of stress. Stressful work 
environments with regular interruptions have been shown to challenge attentional 
processes (Sänger, Bechtold, Schoofs, Blaszkewicz, & Wascher, 2014). A number of 
factors might have contributed to creating a less stressful working environment for 
participants in the current project. Firstly, the familiarisation session seemed to 
address some of the anxiety and the stress that are associated with facing new 
challenges. Additionally, the extended duration of each testing day in the current 
study might have contributed to resembling a typical workplace environment/day in 
which participants had the opportunity to experience, analyse and develop strategies 
to overcome their stress. Self-awareness and time management are some of the 
coping strategies that employees may use to overcome their stress levels (Lindfors, 
Boman, & Alexanderson, 2012). It is possible that participants in this study became 
more familiar with the environment that they were working in, and managed to 
overcome their stress levels which ultimately resulted in improvements in attention 
throughout the working day.  
 
Improvement in attentional capacity, as observed in this project, may have been due 
to the physiological benefits of standing which requires more energy expenditure in 
comparison to sitting (Buckley, Mellor, Morris, & Joseph, 2014; Reiff, Marlatt, & 
Dengel, 2012). Standing, therefore, may be considered a low-intensity form of 
exercise. Furthermore, physical activity and exercise have been shown to improve 
attention (Hawkins et al., 1992; Hoza et al., 2015). Although standing alone does not 
offer similar energy expenditure to moderate to high intensity exercises, its long-term 
effects may provide valuable benefits. Buckley et al. (2014) demonstrated that 
standing for three hours per working day may result in over 30,000 kilocalories 
increase in energy expenditure per year. This is equivalent to completing over ten full 
marathons (Loftin et al., 2007) in each year. Therefore, standing workstations may 
also address some of the obesity problems we face in New Zealand (Statistics New 
Zealand, 2014).  
 
Whilst postural control is dependent on attention (Salavati et al., 2009), the neural 
interconnection between the somatosensory cortex, cerebellum and frontal lobe of 
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the brain may provide a possible pathway in which posture can affect attention 
(Reilly, van Donkelaar, Saavedra, & Woollacott, 2008). Therefore, a more 
comfortable posture may lead to an improvement in attentional capacity. A sitting 
posture is associated with muscular discomfort (Pynt, Mackey, & Higgs, 2008), which 
can increase and/or cause mechanical and mental stress that can ultimately reduce 
attention. This hypothesis correlates with cognitive studies that support the effects of 
muscular elements on emotional factors (Nair, Sagar, Sollers, Consedine, & 
Broadbent, 2015). Participants in the current study provided positive feedback in 
relation to standing desks and no major complaints or discomfort were reported while 
standing. Working at a standing desk also seemed to provide more space for body 
movement. Traditional sitting desks are associated with poor leg space and can 
ultimately result in an increase in mechanical load on musculoskeletal structures 
(Bendix, Krohn, Jessen, & Aaras, 1985). An increase in functional demand by the 
musculoskeletal system can, therefore, impact cognitive function, including attention.  
 
The remaining attentional tasks in this study did not show any significant 
improvements when standing. This may have been due to the complexity of the 
neurological processes in which a combination of different cognitive domains is 
involved. As an example, processing speed, which refers to how quickly a person 
can complete a task (Jacobson et al., 2011), has been shown to be an important 
cognitive domain that can alter work performance (Verhaeghen & Cerella, 2002). In 
relation to the findings of this study, processing speed might have been the cognitive 
domain that did not improve when standing, which ultimately resulted in no 
improvements in sustained or divided attention. With the exception of the FIT, the 
other attentional tasks in the current project had short time-limits and required rapid 
responses from participants. The PASAT, for example, mainly assesses divided 
attention, however, its scores are also dependent on the function of other cognitive 
domains including memory and processing speed (Tombaugh, 2006). It is possible 
that whilst participants were concentrating on this task, they were not able to 
respond quickly enough to achieve higher scores. Participants had only two seconds 
to listen for a new digit, add it to the previous one and then provide a total. Other 
studies in the literature have used various versions of the PASAT with different 
intervals including three or four seconds (de Vries, van Houte, Lindeboom, van Eijk, 
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& de Haan, 1992; PASAT). The scores in the PASAT might have been higher if the 
time-limits were slightly longer (for example three seconds instead of two). 
 
Limitations  
The major limitation for this study was that there were five collaborators conducting 
the data collection. Each collaborator, equally, collected data from six participants. 
Although all collaborators were familiarised with all the cognitive tasks involved in 
this project, there might have been some degree of inconsistency with regard to 
administration, recording and marking of the data. For instance, each collaborator 
might have delivered slightly different instruction and/or assistance to each 
participant.  
 
Avenues for future research  
The findings of the current study are limited to performing cognitive tasks for two 
days which only provides short-term effects of standing on attention. Future studies 
could compare the effects of standing desks and seated desks on attention over a 
longer time period. Another important issue that remains to be examined is the 
correlation between prolonged standing and an increase in lumbar lordosis which 
may be a risk factor to development of lower back pain (Sorensen, Norton, 
Callaghan, Hwang, & Van Dillen, 2015). This may be evaluated in future research 
incorporating longer testing periods (for example two weeks of testing instead of two 
days). Finally, the participants in this study had no back pain or any other medical 
issues. Considering the high prevalence of lower back pain (Balague, Mannion, 
Pellise, & Cedraschi, 2012), future projects may also look into the effects of standing 
desks on attention in populations with non-specific back pain.  
 
Conclusion 
Our results show that none of the attentional tasks in this project were negatively 
affected by standing as opposed to sitting to work. The findings of this study 
demonstrate that the use of standing desks can not only help reduce sedentariness 
and its associated health issues such as obesity, but may also improve attentional 
capacity. The physiological advantages and potential attentional benefits associated 
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with standing desks should be made aware to all corporate parties, offices and 
general public. Future research should also assess the long-term effects of standing 
desks on the attention domain.   
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Appendix A: General Results of Full Standing Desk Study 
Task Variable* 
Significance Value 
of Main Effect of 
Condition 
Significance Value 
of Main Effect of 
Time of Day 
Significance Value of 
Interaction 
 
Domain: Processing Speed 
Cancellation Number Correct .375 .008 .837 
Coding Number Correct .091 .773 .496 
Rapid Picture 
Naming 
Total Time to 
Complete (s) 
.465 .055 .110 
Symbol Search 
Number Correct .922 <0.001 .958 
Number of Errors .345 .210 .689 
Domain:  Attention 
CPT-AX 
Average RT .397 <0.001 .417 
Number Correct .930 .803 .556 
CPT-Inhibition 
Average RT .446 <0.001 .022 
Number Correct .790 <0.001 .579 
Figural 
Intersection 
Number Correct .008 .030 .324 
PASAT 
Number Attempted .684 .001 .945 
Number Correct .785 .006 .309 
Domain: Working Memory 
Arithmetic Percentage Correct .568 .060 .328 
Letter-number 
Sequencing 
Percentage Correct .135 .017 .591 
Spatial Span Percentage Correct .015 .393 .190 
Visual 
Reproduction 
Percentage Correct .802 <0.001 .625 
Domain: Perceptual Reasoning 
Block Design 
Average Time to 
Complete 
.149 .000 .467 
Number Correct .415 .689 .089 
Figure Weights 
Average Time to 
Complete 
.617 .513 .838 
Number Correct .946 <0.001 .956 
Matrix Reasoning 
Average Time to 
Complete 
.377 .019 .925 
Number Correct .952 .049 .533 
Domain: Executive Functioning 
Stroop Effect 
Word Naming .428 <0.001 .513 
Colour Naming .634 .015 .105 
Interference .692 .029 .741 
Trail Making 
Average Time to 
Complete 
.639 <0.001 .646 
Verbal Fluency Number of Words .932 .315 .263 
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Generated 
Number of Words 
Correct 
.755 .564 .219 
Visuospatial 
Search 
Number Correct .945 <0.001 .706 
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Appendix B: Participant Information Sheet 
 
Information for participants 
 
 
Research Project Title: 
 
To what extent does working from a standing desk influence cognitive 
performance? 
 
Synopsis of project 
 
Recent evidence shows that a high level of sedentary behaviour, such as prolonged sitting, is 
negatively correlated with an increased metabolic risk score, risk of cardiovascular events, 
and all-cause mortality. 
 
The introduction of standing desks into the workplace offers a potential solution to the 
inactivity problem. Given that desks are typically workplace tools, it is logical to enquire 
about the effects of a standing desk on cognitive performance. 
 
The goal of this project is to evaluate the effects of working from a standing desk compared 
with a seated desk on cognitive performance during a simulated working day. 
 
What we are doing 
 
To find out more we are asking all participants to perform 7.5 hours of tasks that emulate a 
typical office working day (e.g., transcription, data entry…) and various validated cognitive 
performance measures (e.g., solving puzzles, recalling numbers). All participants will attend 
two days; one day performed from a normal sitting desk, and one from a standing desk. 
Scheduled breaks are included, and standing desk participants are allowed to sit when they 
feel they need to (but are “encouraged” to stand as much as comfortable). 
 
Participants will be asked to wear comfortable footwear, and match their dietary intake (i.e., 
coffee, sugars) for both days. 
 
To participate in this study you will need to be between 18 and 50 years of age, and will need 
to feel confident in your ability to stand comfortably for extended periods of time. You will not 
be able to participate if you have 1) musculoskeletal pathologies preventing or influencing your 
ability to stand for prolonged periods, and 2) cognitive pathologies, such as chronic fatigue or 
any previous serious head injury, or be taking medications, which may affect concentration and 
cognitive performance. 
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What it will mean for you 
 
Involvement in this study will require you to attend a familiarisation session of approximately 
90 minutes at the Unitec Mount Albert campus. During this session you will get to see all the 
tasks that will be performed during the study, and will be given the opportunity to ask 
questions about the study before choosing to enrol. 
 
If you choose to enrol, you will attend a full day (9:00 am to 4:30 pm) at the Unitec Mount 
Albert campus where you will be allocated to either a standing or sitting desk. You will be 
provided with numerous tasks to perform throughout the day, and will be guided through all 
tasks by a researcher. All tasks can be completed from the desk, and all tasks involve varying 
amount of cognitive load (i.e., they are all thinking tasks). There are three break periods 
throughout the day, and standing desk participants are allowed to sit when needed.  
 
You will need to also attend a second day, approximately one week later, where you will repeat 
the day using a different desk (everyone will do one day from each desk). Upon completion of 
the second day you will be compensated with $200 for your time. You may also be sent an 
overview of the findings upon completion of data analysis and interpretation. 
 
If you agree to participate, you will be asked to sign a consent form. This does not stop you 
from changing your mind if you wish to withdraw from the project. Your parent/guardian can 
also ask for you to be withdrawn. 
 
Your name and information that may identify you will be kept completely confidential. All 
information collected from you will be stored on a password protected file and only you and 
the researchers involved will have access to this information. 
 
Please contact us if you need more information about the project. At any time if you have any 
concerns about the research project you can contact the principal investigators: 
 
Lucy Patston 
021980509 
(09)8154321#8475 
lpatston@unitec.ac.nz  
 
Jamie Mannion 
021673832 
(09)8154321#8475 
jmannion@unitec.ac.nz 
 
 
 
UREC REGISTRATION NUMBER: 2014-1085 
This study has been approved by the UNITEC Research Ethics Committee from 25.9.14 to 
25.9.17.  If you have any complaints or reservations about the ethical conduct of this research, 
you may contact the Committee through the UREC Secretary (ph: 09 815-4321 ext 6162.  Any 
issues you raise will be treated in confidence and investigated fully, and you will be informed 
of the outcome. 
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Appendix C: Participant Eligibility and Demographic Questionnaire 
 
The following questions assess your eligibility to take part in the study: 
 
1) Is English your first language?       
☐    Yes ☐    No 
If not, can you describe your proficiency in English? Include the other languages you 
speak and how old you were when you first became fluent in English. (many of the 
tasks involved in the study require proficient fluency in English) 
 
 
2) Have you had, or do you have, any injuries or conditions that hamper your ability 
to stand for prolonged periods?        
☐    Yes ☐    No 
(On one day of the study you will be required to stand for long periods of time – 1.5 
hours) 
 
3) Do you have, or have you had, any of the following: 
a) Serious head injuries (including concussions)  
☐    Yes ☐    No 
 
b) Other issues affecting your ability to concentrate?    
☐    Yes ☐    No 
 
c) Medication affecting your ability to concentrate?    
☐    Yes ☐    No 
(Many of the tasks involved in the study require sustained concentration) 
 
4) Are you clinically colour-blind?      
☐    Yes ☐    No 
(Some of the tasks involve discriminating between different colours – i.e., red, blue, 
green) 
 
If you answered “Yes” to any of these then we regret to say you are not eligible to 
participate in the study, but we thank you for your interest. Depending on your 
answer to the first question regarding English as a first language, we may be in 
touch with you to discuss possible participation. 
If your answer to all of the above was “No”, please complete the following 
demographic question 
First Name:      Gender:      
Surname:      Date of Birth:      
Height:    Weight:   Ethnicity:      
Home phone:      Work phone:     
Email Address:           
  
Postal Address:            
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Do you speak any other languages apart from English?     
☐    Yes ☐    No 
If yes, please specify: 
 
What is your usual occupation?  
 
What (if any) regular physical activity do you maintain (include any sports you play)? 
 
What (if any) are your other hobbies (e.g., music, computer games, puzzles, 
reading)? 
 
How would you describe the level of physical activity at your work: 
☐    Sedentary (brief standing and walking required) 
☐    Light (frequent standing and walking required) 
☐    Moderate (required to lift small loads / some bending, or frequent walking) 
☐    Heavy (frequent lifting required, often over 10 kgs, or lots of walking) 
☐    Very heavy (consistent lifting, often over 20 kgs, or frequent running) 
 
 
Do you currently use a standing desk?       
☐    Yes ☐    No 
 
How many hours would you spend sitting in an average day at work?  
 
 
How many hours would you spend sitting in an average day at home?  
 
 
Have you sustained any injuries which affect your ability to work?   
☐    Yes ☐    No 
 
Please provide details:  
 
 
Do you experience pain on a regular or sustained basis?    
☐    Yes ☐    No 
 
Please provide details (including intensity of pain):  
 
 
What academic qualifications do you hold and/or are currently studying toward? 
Include school qualifications. 
 
Have you participated in any cognitive testing before?    
☐    Yes ☐    No 
Please provide detail 
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Appendix D: Informed Consent From 
 
                                                              
 
 
Participant Consent Form 
 
To what extent does working from a standing desk influence cognitive 
performance 
 
 
I have had the research project explained to me and I have read and understand the  
information sheet given to me.  
 
I understand that I don't have to be part of this if I don't want to and I may withdraw at any time  
prior to the completion of the research project. 
 
I understand that everything I say is confidential and none of the information I give will identify  
me and that the only persons who will know what I have said will be the researchers and  
their supervisor. I also understand that all the information that I give will be stored securely on  
a computer at Unitec for a period of 5 years. 
 
I understand that I can see the finished research document. 
 
I have had time to consider everything and I give my consent to be a part of this project 
 
 
Participant Signature: …………………………………………………………………… Date: …………………………… 
 
 
 
Participant Name:……………………………………………………………………………………………………………… 
 
 
Project Researcher: ……………………………………………………………………... Date: …………………………… 
 
 
Project Researcher Name:…………………………………………………………………………………………………… 
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UREC REGISTRATION NUMBER: 2014-1085 This study has been approved by the UNITEC Research 
Ethics Committee from 25.9.14 to 25.9.17. If you have any complaints or reservations about the  
ethical conduct of this research, you may contact the Committee through the UREC Secretary (ph: 09 
815-4321 ext 6162.  Any issues you raise will be treated in confidence and investigated fully, and you 
will be informed of the outcome. 
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Appendix E: Overview of Tasks 
 
  
 Task Cognitive Domain Tested Resource 
1. Trail Making Executive Function Participant Booklet 
2. Symbol Search Processing Speed Participant Booklet 
3. CPT-AX Attention Computer – Excel 
4. Spatial Span Working memory Participant Booklet 
5. Figure Weights Perceptual Reasoning Resource Booklet 
6. Stroop Effect 
 
Executive Function 
Resource Booklet & 
Researcher Booklet (for 
answers) 
7. Cancellation Processing Speed Participant Booklet 
8. Figural Intersection 
 
Attention 
Participant Booklet & 
Researcher Booklet 
(for marking) 
9. 
Letter Number 
Sequencing 
Working memory 
Participant Booklet 
10. Visuospatial Search Executive Function Resource Booklet 
11. Rapid Picture Naming Processing speed Computer – PPT 
12. CPT-Inhibition Attention Computer – Excel 
13. Arithmetic Working Memory Resource Booklet 
14. Matrix Reasoning Perceptual Reasoning Resource Booklet 
15. Verbal Fluency Executive Function Participant Booklet 
16. Coding Processing Speed Participant Booklet 
17. PASAT 
 
Attention 
Recording & 
Participant Booklet (to 
record answers) 
18. Block Design Perceptual Reasoning Resource Booklet 
19. Visual Reproduction 
Working Memory Participant Booklet, 
Resource Booklet & 
Researcher Booklet 
(markg) 
Work task 
1. 
Alphabetising 
 
Sorting cards into 
alphabetical order 
Alphabet Cards 
Work task 
2. 
Data Entry 
Inputting numbers into a 
spreadsheet 
Computer – Excel & 
Resource Booklet 
Work task 
3. 
Proof Reading 
reading a text and looking 
for errors 
Participant Booklet & 
Researcher Booklet 
(markg) 
Work task 
4. 
Transcription 
Typing from written work 
into word document 
Computer – Word & 
Resource Booklet 
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Appendix F: Participant Log 
1) What day of the week is it today? Circle one. 
    Monday    Tuesday    Wednesday    Thursday    Friday    Saturday    Sunday  
 
2) In the last 24 hours, what exercise have you engaged in? Include the exercise       type 
and intensity. 
 
 
 
3) Do you currently have any injuries or pain? If so, please describe. 
 
 
 
4) Are you currently on any medication or supplements? If so, please describe? 
 
 
 
5) Do you smoke? If so, how many cigarettes have you had in the last 24 hours 
  ☐   I do not smoke 
  ☐    1-5 
  ☐    6-10 
  ☐    10+ 
 
6) How much alcohol have you consumed in the last 24 hours? 
  ☐    1-2 drinks 
  ☐    3-4 drinks 
  ☐    5-6 drinks 
  ☐    7+ drinks 
 
 
7) Have you taken other substances in the last 24 hours? If so, please describe? 
 
 
 
8) How many hours sleep have you had in the last 24 hours? 
 
 
 
9) If you were to rate your quality of sleep in the last 24 hours, what score would you 
give it? 
 
    0 1 2 3 4 5 6 7 8 9 10 
    Poor                                                Excellent  
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10) How are you feeling today (please comment on fatigue, energy, pain, discomfort,    
feeling unwell or rundown, have any significant life events occurred recently)? 
 
 
 
 
 
 
 
11) What shoes are you wearing today? (Please ensure that you wear the same shoes 
each time you engage in the study) 
 
 
 
 
 
 
 
12) Has your morning routine changed in the last 24 hours? If so, please describe. 
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Appendix G: Nutritional Intake Form 
1) Please provide a list of drinks you have had today (include coffee, tea, water, 
juices, and any energy drinks or supplement drinks. If nil, please state) 
 
 
 
 
 
2) Provide a detailed list of food (and quantity where possible) you have consumed 
today (including snacks)  
 
 
 Breakfast 
 
 
 
 Morning Tea 
 
 
 
 Lunch  
 
 
 
 Afternoon Tea  
 
 
 
 
3) Provide a list of any supplements consumed today (Example: Multivitamin, fish oil, 
protein powder. If Nil, please state) 
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Appendix H: Fatigue Scale 
 
                                                   
 
 
 
 
Level of Fatigue Scale 
      
Circle the level of fatigue or tiredness you are feeling right now. 
Where 0 = no fatigue or tiredness at all 
And 10 = the worst fatigue or tiredness imaginable 
 
           
0 1 2 3 4 5 6 7 8 9 10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

